Abstract Rates of opioid overdose and opioid-related emergency department (ED) visits have increased dramatically. Naloxone is an effective antidote to potentially fatal opioid overdose, but little is known about naloxone administration in ED settings. We examined trends and correlates of naloxone administration in ED visits nationally from 2000 to 2011. Using data from the National Hospital Ambulatory Medical Care Survey, we examined ED visits involving (1) the administration of naloxone or (2) a diagnosis of opioid overdose, abuse, or dependence. We assessed patient characteristics in these visits, including concomitant administration of prescription opioid medications. We used logistic regression to identify correlates of naloxone administration. From 2000 to 2011, naloxone was administered in an estimated 1.7 million adult ED visits nationally; 19 % of these visits recorded a diagnosis of opioid overdose, abuse, or dependence. An estimated 2.9 million adult ED visits were related to opioid overdose, abuse, or dependence; 11 % of these visits involved naloxone administration. In multivariable logistic regression models, patient age, race, and insurance and non-rural facility location were independently associated with naloxone administration. An opioid medication was provided in 14 % of visits involving naloxone administration. Naloxone was administered in a minority of ED visits related to opioid overdose, abuse, or dependence. Among all ED visits involving naloxone administration, prescription opioids were also provided in one in seven visits. Further work should explore the provider decision-making in the management of opioid overdose in ED settings and examine patient outcomes following these visits.
Introduction
Prescribing of opioid medications in the USA quadrupled from 1999 to 2010 though this increase appears to have leveled off since 2010 [1] [2] [3] . Recent increases in opioid prescribing have occurred concurrently with rising rates of heroin use, frequent non-medical use of prescription opioids, and opioid overdose [1, 4, 5] . Overdose deaths involving prescription opioids have nearly quadrupled from 1999 to 2008, and deaths involving heroin have doubled from 2002 to 2011 [1, 6] . Increasing opioid use and overdose have resulted in increases in emergency department (ED) visits, hospitalizations, and substance use disorder treatment admissions [7] [8] [9] .
To address this epidemic of opioid overdose, multiple strategies are being implemented and include maximizing prescription drug monitoring programs, supporting provider education, and expanding access to substance use disorder treatment and to naloxone, an opioid antagonist and antidote to opioid overdose [10] [11] [12] . With growing evidence of both public health impact and cost-effectiveness of naloxone, health care providers, researchers, and policymakers are increasingly supporting broader implementation of naloxone distribution [13] [14] [15] . For instance, in 2014, both the Veterans Health Administration and the Department of Justice announced plans to expand access to naloxone to prevent opioid overdose death [16, 17] .
Naloxone has long been used in ED settings to diagnose and manage respiratory depression related to opioid overdose. Prior studies of ED-based naloxone use have examined clinical management following naloxone administration, provider knowledge, and facility-level availability of naloxone [18] [19] [20] [21] . However, few studies have examined the use of naloxone in ED settings in the USA [22, 23] , and none have examined nationally representative data during the decade preceding this recent support of expanded naloxone access. To address this gap, we analyzed nationally representative ED visit data from the National Hospital Ambulatory Medical Care Survey from 2000 to 2011. The aims of this study were to examine trends and correlates of ED visits involving naloxone administration.
Materials and Methods

Data Source
The National Hospital Ambulatory Medical Care Survey (NHAMCS) is a nationally representative cross-sectional survey of visits to emergency departments and outpatient departments in non-institutional, general, and short-stay hospitals throughout the USA, excluding federal, military, and Veterans Administration hospitals. NHAMCS employs a four-stage sampling design to collect data from a stratified systematic sample of patient visits. Visit weights are provided by NHAMCS to account for selection probability and nonresponse and to facilitate national estimates of utilization of emergency medical care in the USA. NHAMCS is administered by the National Center for Health Statistics (NCHS) and the Centers for Disease Control and Prevention (CDC). United States Census Bureau employees act as the field agents for data collection. Field agents perform checks for data completeness, and, when necessary, missing data are imputed by the NCHS. Additional detail on NHAMCS data collection and estimation procedures is available online at http://www.cdc. gov/nchs/ahcd.htm.
The NHAMCS collected survey data from 414,387 ED visits between 2000 and 2011, the most recent year currently available. The participation rate of contacted emergency departments in the NHAMCS ranged from a low of 75 % in 2008 to a high of 91 % in 2002 [24] . The NCHS institutional review board approved the protocols for the NHAMCS, including a waiver of the requirement for patient informed consent. The Colorado Multiple Institutional Review Board determined that the current analysis of de-identified, publicly available NHAMCS data was not human subject research.
Study Population
We identified adult ED visits (age≥18 years) which met either of two criteria: (1) administration of naloxone or (2) any diagnosis of opioid overdose, abuse, or dependence. The NHAMCS identifies up to eight medications administered during an ED visit or prescribed at discharge. For the first study inclusion criteria, we identified naloxone administration based on drug codes provided NHAMCS and the Lexicon Plus®, a proprietary database of Cerner Multum, Inc. The Lexicon Plus is a comprehensive database of all prescription, and some non-prescription drug products available in the US additional information on the Multum Lexicon Drug Database is available at http://www.multum.com/Lexicon.htm. The NHAMCS also records up to three diagnoses and up to three causes of injury, poisoning, or adverse effects using the International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]. For the second study inclusion criteria, we identified visits with a diagnosis or injury code of opioid overdose (ICD-9-CM 965.00-02, 965. 09, E850.0, E850.1, E850.2, E935.1, E935.2, E935.3, E980. 0) or a diagnosis of opioid abuse or dependence (ICD-9-CM 304.00-03, 304.70-73, 305.50-53). These visits included both prescription opioid medications (including methadone) and heroin.
Study Variables
Patient information includes sociodemographic data including age, gender, race (White vs. non-White), and source of payment. In addition to ICD-9-CM diagnoses, the NHAMCS provides up to three complaints, symptoms, or other reasons for the visit coded using the NCHS Reason for Visit Classification for Ambulatory Care (RVC). We created binary variables based on ICD-9-CM diagnoses and RVC codes to indicate the presence of each of several prespecified, clinically relevant conditions: any musculoskeletal pain condition, altered mental status (RVC only), any mental health condition, drug withdrawal (ICD-9-CM only), alcohol use disorder, and other non-opioid substance use disorder (i.e., cocaine, methamphetamine, marijuana). We identified visits related to injuries using a dichotomous variable provided by the NHAMCS.
The NHAMCS definition of injury includes all visits related to drug and alcohol use.
Available NHAMCS variables related to diagnosis, management, and disposition include length of visit (in minutes), completion of blood alcohol screen, toxicology screen (2007) (2008) (2009) (2010) (2011) , arterial blood gas (2005) (2006) (2007) (2008) (2009) (2010) (2011) , computed tomography of the head (2007-2011), administration of intravenous fluid, and hospitalization. We identified opioid medications (codeine, hydrocodone, oxycodone, morphine, meperidine, propoxyphene, hydromorphone, fentanyl) using drug codes as described above. We identified whether opioid medications were administered during the ED visit or prescribed at ED discharge among a subsample of visits from 2005 to 2011 as this data was first collected in 2005. In visits involving naloxone administration from 2005 to 2011, we identified whether naloxone was administered in the ED or prescribed at discharge (i.e., Btake home^naloxone) [25] . Hospital information included hospital type (non-profit, for profit, government), geographic region, and whether the facility was in a rural area, defined as non-metropolitan statistical area per US Office of Management and Budget definition.
Data Analysis
We evaluated continuous variables with the t test and categorical variables with the chi-squared test. We compared patient and visit characteristics in three non-exclusive groups: (1) visits involving naloxone administration; (2) visits involving an opioid overdose, abuse, or dependence diagnosis; and (3) all other ED visits. We conducted pairwise comparisons of patient and visit characteristics among these three groups using the chi-squared test. In these comparisons, we categorized visits involving both an opioid-related diagnosis and naloxone administration as naloxone visits. Among visits involving naloxone administration, we examined trends in patient age, gender, and race across six 2-year time periods using the chi-squared test. We developed a multivariable logistic regression model, adjusting for patient and hospital characteristics, time period, categorized as six 2-year time periods, and the presence of an opioid-related diagnosis as defined above. This logistic regression model included all adult ED visits from 2000 to 2011 and had administration of naloxone as the dependent variable (N=505). We present this model in two stages. Model 1 adjusts for patient and hospital characteristics as well as time period. Model 2 adjusts for all model 1 covariates plus the presence of an opioid-related diagnosis.
We performed all statistical analyses using SAS version 9.4 (SAS Institute Inc, Cary, NC), which accounts for the complex sampling design of the NHAMCS. We utilized visit weights provided by NHAMCS to generate nationally representative estimates. The NCHS established strict release standards for data based on the relative standard error of the point estimate (≤30 %) and the absolute number of visits (≥30 sampled visits) to ensure reliability of national estimates [26] . Due to this restriction and because of the small sample size of nonWhite racial groups, we categorized the race variable into White and non-White race categories. All values reported meet the established release criteria for national estimates. All P values are two-tailed. We considered P < 0.05 significant.
Results
From 2000 to 2011, naloxone was administered in 505 sampled ED visits, which represent an estimated 1.7 million (95 % confidence interval [CI] 1.5 million-1.9 million) adult ED visits nationally; 19 % of these visits, or an estimated 318,000 ED visits, recorded an opioid-related diagnosis (Table 1 ). There were an estimated 2.9 million (95 % CI 2.6 million-3.1 million) adult ED visits related to opioid overdose, abuse, or dependence. Naloxone was administered in 10 % of these visits. An estimated 1.7 million visits (95 % CI 1.5 million-1.9 million) involved a diagnosis of opioid overdose, or 58 % of all opioid-related visits. Naloxone was administered in 16 % of these visits. Compared to opioid-related visits, patients in visits involving naloxone administration were older (mean age 47 vs. 39) and more likely to have a primary payment source of Medicare (27 vs. 12 %). ED visits involving naloxone administration increased over time from an estimated 225,000 visits in 2000-2001 to an estimated 430,000 visits in 2010-2011, a 91 % increase (Fig. 1) . In prespecified analyses of sociodemographic trends among naloxone visits, patient age increased from a mean age of 43 On examination of co-occurring diagnoses, altered mental status was more common among ED visits involving naloxone administration compared to opioid-related visits (26 vs. 6 %; Table 2 ). Drug withdrawal was diagnosed in 16 % of opioid-related visits but was recorded in only two sample visits involving naloxone administration. ED visits involving naloxone administration were more likely to result in hospitalization compared to opioid-related visits (46 vs. 21 %). The proportion of visits involving naloxone administration that resulted in hospitalization increased from 42 % from 2000 to 2003 to 56 % from 2008 to 2011. ED visits involving naloxone administration were also more likely to involve each of the other management modalities examined with the exception of the provision of an opioid medication. Both an opioid medication and naloxone were provided in the same visit in an estimated 230,000 ED visits or 14 % of all visits involving naloxone administration. From 2005 to 2011, among visits involving both an opioid medication and naloxone administration, an opioid medication was administered in the ED in 92 % of visits rather than at discharge. During this time period, there was one sampled visit that recorded naloxone prescribed at discharge (i.e., take home naloxone). A nationally representative estimate cannot be reliably estimated from a single sampled visit.
In a multivariable logistic regression model adjusting for patient and hospital characteristics as well as a visit diagnosis of opioid abuse, dependence, or overdose (Table 3 , model 2), factors independently associated with naloxone administration included age 45-64 (vs. age≥65), White race (vs. non-White race), payment source of Medicare or self-pay (vs. private insurance), and non-rural hospital location. Time period was not significantly associated with naloxone administration.
Discussion
In this study, naloxone was administered in an estimated 1.7 million ED visits nationally from 2000 to 2011. During this same period, there were an estimated 2.9 million (95 % CI 2.6 million-3.1 million) adult ED visits related to diagnoses of opioid overdose, abuse, or dependence. Naloxone was administered in a minority (11 %) of all opioid-related ED visits and in 16 % of visits with a diagnosis of opioid overdose. Naloxone is indicated only in cases of life-threatening respiratory depression. These findings may therefore reflect ED [30] . Naloxone administration in the absence of an opioid-related diagnosis seen in this study may represent the clinical practice of using naloxone as a diagnostic and therapeutic tool in cases of altered mental status, intoxication or apnea of unclear etiology as well as for reversal of procedural sedation. For example, in this study, a presenting complaint of altered mental status was documented in more than one in four visits involving naloxone administration. Naloxone administration in the prehospital setting has been proposed as a surrogate for opioid overdose and as a public health surveillance tool [31] . These data suggest that a similar application may not be appropriate in ED settings. These cases of naloxone administration in the absence of an opioid-related diagnosis also point to the challenge of accurately diagnosing opioid overdose, even by trained emergency medicine providers. With increasing implementation of opioid overdose education for potential bystanders, it will be important to set attainable goals for knowledge acquisition by trainees [32] and to support systems capable of tracking the impact of overdose education programs on naloxone administration.
We identified the administration of both naloxone and an opioid pain medication in 14 % of all visits involving naloxone or an estimated 230,000 visits over 12 years. Given the limitations of NHAMCS data, we cannot distinguish between two potential explanations of this finding [26] . First, this finding may represent naloxone administration followed by an opioid medication to treat persistent acute or chronic pain. Alternatively, this finding may represent an opioid medication first and naloxone second or iatrogenic opioid overdose. Naloxone administration has previously been examined as a potential quality indicator for inpatient and postoperative pain management and may offer opportunities for monitoring the quality of pain care in ED settings [27, 30] . Importantly, both scenarios provide opportunities to improve the safety of pain care in the ED and warrant further study.
Our analysis supports earlier work examining ED utilization related to adverse effects of prescription opioids. In the most recent data available from the Drug Abuse Warning Network in 2011, there were 488,000 visits related to non-medical use of prescription opioid medications, up from 173,000 in 2004 [33] . Hasegawa et al. examined NHAMCS data to characterize trends in ED visits related to both intentional and unintentional opioid overdose and demonstrated significant increases in ED visit rates from 1993 to 2010 [34] . Our analysis adds to this prior work on visit trends by examining the use of naloxone during opioid-related visits as well as clinical management more broadly, specifically the provision of opioid medications during these visits. An opioid medication was given in 15 % of ED visits involving a diagnosis of opioid overdose, abuse, or dependence. These visits may have involved the provision of opioid medications for pain management in patients with a co-occurring diagnosis of opioid abuse, dependence, or overdose. A number of these visits may also have involved the management of withdrawal, which was diagnosed in one in six opioid-related ED visits. However, we were not able to examine the provision of opioid medications in these visits as the small number of sampled visits did not meet NHAMCS reliability criteria. Greater attention to the risks of prescription opioids in long-term therapy may increase the incidence of dose reduction or discontinuation in the years ahead in spite of little evidence to guide these efforts [35] . Expert guidelines on opioid discontinuation specifically recommend against treating withdrawal with additional opioid medications though a more comprehensive approach may be challenging in ED settings [36] . Further study is needed to characterize the management of opioid withdrawal in the opioid-related ED utilization described in this study. These estimates of ED-based naloxone administration likely underestimate the overall impact of naloxone as community-based, or prehospital naloxone administration by bystanders or first responders is not captured in NHAMCS data. Community-based opioid overdose prevention programs reported providing naloxone to more than 50,000 individuals nationally from 1996 to 2010, resulting in more than 10,000 overdose Breversals^ [37] . An analysis of data from a metropolitan emergency medical service provider demonstrated three prehospital encounters in which naloxone was administered for every two ED visits involving an opioid overdose diagnosis [31] . The network of potential sources of naloxone will likely grow more complex as additional institutions such as law enforcement and outpatient medical settings consider a larger role [16, 38] . Further study should seek to integrate data sources from these multiple potential sites of naloxone distribution or administration and to identify effective strategies for coordinating these efforts.
These findings should be interpreted in the context of the potential limitations of our study. First, the cross-sectional, visit-based nature of the NHAMCS prohibits inferences of causality. The accuracy NHAMCS documentation has previously been debated [39, 40] . This analysis of a nationally representative sample of ED visits should therefore be considered hypothesis-generating. Second, NHAMCS data collection is based on ED provider documentation, does not record prehospital medication administration, and limits the number of diagnoses and injuries that can be recorded. For these reasons, the estimates presented likely represent an underestimate of the true incidence of naloxone administration and opioid-related ED utilization. Third, while we analyzed the most current NHAMCS data currently available to provide nationally representative estimates over a 12-year time period, our findings may not reflect current trends in this rapidly changing field. Next, given reliability criteria established by the NHAMCS, we were unable to provide estimates of important but uncommon outcomes such as overdose death. Finally, while NHAMCS data provide a set of common diagnostic tests and treatment modalities with which to describe national trends, we were not able to assess the appropriateness of providers' decisions.
Naloxone is increasingly being seen as an important tool to prevent opioid overdose death, and its use in ED settings can provide valuable insights to guide broader implementation. There were more than two million opioid-related ED visits during the period studied, and these visits offer opportunities to both manage opioidrelated complications and to prevent future complications. First, greater access to substance use disorder treatment directly from ED settings is needed, but the optimal model remains unclear [41, 42] . Second, opioid-related complications may be prevented with improved provider access to current, comprehensive patient data to guide decision-making around the risks of opioid pain medications. For example, amid growing support for prescription drug monitoring programs [43] , these systems should consider tracking other indicators of opioid-related risk, such as opioid-related ED visits. Finally, each visit presents an opportunity to provide opioid safety education and to prescribe naloxone for take home use [15] . Research is needed to understand how to effectively frame and efficiently deliver this important content in busy clinical settings. Until then, our findings should serve as one more reason to identify and implement effective interventions to turn the tide on an epidemic of opioid-related harms.
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